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One-Third Octave Jet Noise Spectra For A Convergent Nozzle At Subsonic 

And Supersonic Velocities; 

Angle from Downstream Jet Axis, 80 °. Based On Data From Olsen 



One-third-oemvc center frequency, kHz 
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V-Large Eddy Simulation 

Filtered N.S. Eqs. (Favre-averaged) 


K> 

00 


3 

at 


p 


pvj 

.pVj 

O 

3xj 

pVjVj + 5|jp > 

.ps 

psvj 


^-viscous terms = 


3x: 


0 


ViVj-ViVj 
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unresolved Reynolds stress (to be modelled) 


f =pf/p 


f (JC, ■ t) = | v F(x - 5, t - T)%, t) dx at, 
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Equation for Small Scale (Unresolved) Components 


Vi=V|+Vf t p = p + p', s = s + s', 

velocity pressure entropy 


Inhomogenous Linearized Euler Equation 

L ii u i =Si = ^-(Tjj- f ij ) + | : Ti'+ vise, terms 

Linearoperator 4 \ , 

(depends on filtered vel.) source terms 

ij = 1,2,.. .5 


Uj = v[, i = 1,2,3; u 4 = p', u 5 = s' 

T' is quadratic in unresolved quantities (unresolved Reynolds stress) 
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Formal Solution for Pressure 


U4 s P' = l-4jSj 


(sum on j) 


p'= lim JJ G^xlx'st-t'jtoJS^x'.t'Jdx'dt' 

T^°° _-p 


(p'(t + T,x)p'(T,x)) = pressure auto correlation function 


(x, t|x', x", t')(S k (x r , t' + x)S^(x", x)} + T ki (x, t|x', x", t')(|S k (x', t' + x)S^ (x", x 


dt'dx'dx' 


T 

(•)= lim J • dx = time average 
T — )°° -j- 

(f(t + x)g'(x)) = 0 For tophat filter (in Fourier space) 
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CD-m-Bm^e 
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Distance from centerline, y/D 


(a) M = 0.95 


(b) M = 1 .4 



Distance from nozzle, x/D 
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Coherence Correlation, (kg/m 3 Pa) Density spectrum Sound spectrum 
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Microphone @ 
50D, 30 deg 

Flow - Sound Correlation 
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Flow - sound correlation 


</' Microphone @ 
50D, 30 deg 
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